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Novel 23-Base-Pair Duplication Mutation in TSC1
Exon 15 in an Infant Presenting With
Cardiac Rhabdomyomas

Moyra Smith* and Donald Sperling
Department of Pediatrics, University of California, Irvine, California

Tuberous sclerosis (TSC) is a dominantly in-
herited disorder due to mutations at two
gene loci, the TSC1 locus on chromosome
9q34 and the TSC2 locus on chromosome
16p13.3. The TSC2 and the TSC1 genes have
now been cloned, enabling mutation analy-
sis. We report results of mutation analysis in
a sporadic case of TSC first identified in in-
tra-uterine life on the basis of the presence
of cardiac rhabdomyomas. Postnatally this
infant was also found to have subependymal
nodules on brain computed tomographic
scan. Hypomelanotic macules were not de-
tected neonatally or at 12 months of age. The
specific TSC1 exon 15 mutation found in our
patient has not previously been reported in
cases of TSC. This mutation involves dupli-
cation of a 23-bp segment of DNA between
two 9-bp repeated sequence elements within
exon 15. These repeat elements are located
between nucleotides 1892–1900 and between
nucleotides 1915–1923 within the TSC1 gene
sequence. It is likely that the presence of
these two repeated elements predisposes to
misalignment of DNA strands and unequal
crossing over. The mechanism of origin of
rhabdomyomas in TSC is reviewed. Loss of
heterozygosity in the TSC gene regions has
been reported in cardiac rhabdomyomas;
however, these lesions are self-limiting in
their growth. The basis for this self limiting
proliferation is not clear. One interesting
postulation is that cardiac rhabdomyomas
may be due to delay or failure of apoptosis
which occurs as part of the normal remod-
eling process in the heart. Am. J. Med.
Genet. 84:346–349, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION

Tuberous sclerosis (TSC) is a dominantly inherited
disorder due to mutations at two gene loci, the TSC1
locus at 9q34 and the TSC2 locus at16p13.3. Over 60%
of cases of TSC are thought to be due to new mutations
since an affected child has unaffected parents [Gomez,
1988]. We report on a sporadic case of TSC first iden-
tified in intra-uterine life on the basis of the presence of
cardiac rhabdomyomas, in whom a novel TSC1 muta-
tion occurred, due to the presence of a 23-base pair (bp)
duplication in TSC1 exon 15. We initiated TSC1 gene
analysis with examination of exon 15 since this exon is
reported to have a higher frequency of mutation than
any other TSC1 exon [van Slegtenhorst et al., 1997;
Jones et al., 1997].

CLINICAL REPORT

The patient reported on here was found to have a left
ventricular cardiac mass on routine fetal ultrasonogra-
phy during the third trimester of pregnancy. Postnatal
echocardiography demonstrated a small mass in the
left ventricular apex and a larger mass in the right
ventricular apex. On the basis of clinical examination
cardiac function was judged uncompromised. No ar-
rhythmias were detected. Electrocardiogram was nor-
mal. Computed tomographic (CT) scan of the brain re-
vealed a 5-mm subependymal nodule in the left ven-
tricle near the foramen of Munro. Magnetic resonance
imaging (MRI) of the brain detected abnormal signal in
same region in which the CT scan had detected a sub-
ependymal nodule. On MRI the presence of areas of
increased signal of less than 3 mm in the lateral ven-
tricles was noted and these areas were thought to rep-
resent additional tiny subependymal nodules. No cor-
tical tubers were noted. Renal sonogram revealed no
abnormalities. No hypomelanotic macules were de-
tected on Wood’s lamp examination of the skin. Given
the fact that two hamartomas were found in this pa-
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tient (cardiac rhabdomyomas and subependymal nod-
ules) a presumptive diagnosis of tuberous sclerosis was
made [Gomez, 1988]. Follow-up examination at the age
of one year showed normal growth and development.
No seizures were reported. Wood’s lamp examination of
the skin failed to reveal any hypomelanotic macules.
Echocardiogram demonstrated that the cardiac masses
had not undergone size change. Cardiac function and
rhythm were normal.

This infant was the only child of his parents. There
was no family history of cardiac problems, seizures,
developmental delay, or renal problems. Wood’s lamp
examination of the parents failed to reveal hypomela-
notic macules and there were no other dermatologic
abnormalities. Cranial CT and renal ultrasound stud-
ies were carried out on the parents. No abnormalities
were detected.

METHODS

Blood samples were obtained from the patient and
his parents for DNA extraction and for mutation analy-
sis of the TSC genes. Mutation analysis was initiated
using primers for TSC1 exon 15 and polymerase chain
reaction (PCR). The specific exon 15 primers used are
described in Table I. PCR fragments were electropho-
resed on acrylamide gels to examine the size of the
products generated. PCR products were also examined
by heteroduplex analysis [Ganguly et al., 1993]. Fol-
lowing the detection of different size fragments in the
patient, individual fragments were eluted from acryl-
amide gels using the method described by Maniatis et
al. [1989]. Individual fragments were then subcloned
into pUC vectors for analysis and DNA sequencing.
DNA sequencing was carried out using the ABI Prism
Tm dRhodamine Terminator cycle sequencing. The
products of each sequencing reaction were precipitated
and analyzed on an ABI sequencer.

RESULTS

PCR was initially carried out using primers (H21
and H22) to amplify the complete exon 15 of TSC1
(Table I). Polyacrylamide gel electrophoresis showed
that there was a different pattern of PCR products
present in the patient than in the parents. Comparison
of PCR bands with molecular weight markers indicated
that in the parents a single 559 nucleotide fragment
was present, while in the patient there were two closely
migrating bands of 559 and 582 nucleotides and an
additional fragment of 1164 nucleotides. PCR frag-

ments from the patient were individually purified and
subcloned into pUC vectors using blunt end ligation
into the SMA1 site of pUC. We demonstrated that the
1164-bp fragment arose during PCR from the 582-bp
band by purifying the 582-bp band and demonstrating
that a second round of PCR of this band led to genera-
tion of the 582-bp band plus a 1164-bp band (Fig. 1). A
second round of PCR of the 559-bp band from controls
and from the patient did not lead to the generation of
the 1164-bp band. We then carried out PCR using
primers which were located within TSC exon 15 as de-
scribed by Jones et al. [1997]. These primer sets each
amplified approximately one-third of TSC exon 15. We
demonstrated differences between the patient and par-
ents with primer sets 15/1 and with primer set 15/2. No
difference was demonstrated in PCR products derived
from parents and child using primer set 15/3 which
amplified the last third of exon 15 (closest to the C
terminal portion of the gene). Based on these results
we concluded that the sequence alteration in the pa-
tient occurred 58 to the region amplified by primer set
15/3 ( i.e., 58 to nucleotide 2064). DNA sequence analy-
sis revealed that there was a 23 nucleotide duplicated
segment present in the patient. Examination of the ha-
martin sequence demonstrated that there is a 9-bp re-
peat, GCCCTGCGG, located between nucleotides
1892–1900 and also between nucleotides 1915–1923.
The duplicated segment present in the patient com-
prises an additional copy of the region between the two
repeated elements and an additional copy of one of the
repeated elements (Fig. 2).

DISCUSSION

We have demonstrated the occurrence of a mutation
in TSC1 exon 15 in an infant who presented with car-
diac rhabdomyoma detected in the third trimester of
pregnancy. Postnatally this infant was also found to
have subependymal nodules on brain CT scan. Based
on the absence of clinical findings in the parents and
the absence of mutation in DNA prepared from their
peripheral blood, it seems most likely that this infant
represents a sporadic case (new mutation) of TSC.
However, it is important to note that our studies can-
not rule out the possibility of gonadal mosaicism in one
parent.

There are a number of interesting aspects in this
case. This specific mutation is unique and has not been
described previously in the TSC1 gene. This infant ap-
parently represents a sporadic case of TSC and studies

TABLE I. DNA Sequence of Four Different Primer Sets Used to Amplify TSC1 Exon 15

Exon
Primer

designation Sequence
Product

size Reference

15 H21 58 GAGAGTGCCCCAGTCCCTTAC 38 559 bp van Slegtenhorst et al. [1997]
H22 58 CCAGGTGGAATACCGACTGC 38

15-1 F 58 GAATACCGACTGCCATTTCT 38 303 bp Jones et al. [1997]
R 58 AGGGCTTTCATCAGCACTG 38

15-2 F 58 GCAAGCCTTTACTCCCATAG 38 276 bp Jones et al. [1997]
R 58 GGCACACCATCTTCCTCTG 38

15-3 F 58 CAGCCCATCATTTTGTCATC 38 256 bp Jones et al. [1997]
R 58 AGGTGGGAGTGTGAAGAATG 38
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to date indicate that TSC1 mutations occur less fre-
quently in sporadic cases of TSC than in familial cases.
There are also a number of unusual clinical aspects in
this infant. Cardiac rhabdomyomas were detected on
routine ultrasonography in the third trimester of preg-
nancy. There was no evidence of regression of the car-
diac rhabdomyomas after the first year of life. Despite
the relatively large size of the rhabdomyomas they did
not compromise cardiac function and did not cause ar-
rhythmias. Hypomelanotic macules were not detected
in the neonatal period or at one year of age. Other
manifestations of TSC including angiofibroma,
shagreen patches, renal cysts, and renal angiomyolipo-
mas were not detected neonatally or at one year of age.

It is estimated that hypomelanotic macules develop
in more than 90% of cases with TSC [Gomez, 1988].
Jozwiak et al. [1994] noted that depigmented lesions
were found neonatally in 44 of the 51 (86%) cases of

TSC reported by them. Although in many cases hy-
pomelanotic macules can by detected by Wood’s lamp
examination shortly after birth, there are reports of
children with TSC in whom hypomelanotic macules
were not detected at birth or in the first few months of
life. Wallace et al. [1990] described five infants in
whom cardiac tumors were identified on ultrasonogra-
phy in fetal or early postnatal life. No hypomelanotic
macules were detected at birth in any of these infants
although in four of the five infants they developed
later, before the age of 2 years. Seizures developed in
four of the five infants before the age of 2 years. In one
infant Wallace et al. [1990] noted that multiple cardiac
tumors were diagnosed shortly after birth. Examina-
tion of the skin at birth and at 2 months and 5 months
failed to show signs of TSC. A depigmented macule and
a depigmented streak of hair appeared by 12 months
and during the course of the following year additional
depigmented patches appeared. A second case in the
series described by Wallace et al. [1990] was noted to
have a normal heart on fetal ultrasound at 34 weeks;
however, at 35 weeks an echodense area was detected
in the right ventricle. Neonatally this infant had ar-
rhythmias and numerous cardiac rhabdomyomas were
detected. No hypomelanotic macules were detected in
this infant until the age of 2 years. Although CT scan of
the brain revealed no lesions, the infant developed
atypical absence seizures at the age of 2 years. In the
third infant in the series of Wallace et al. [1990] depig-
mented lesions developed at 14 months. In the fourth
infant in this series depigmented lesions developed at 5
months. In the fifth infant in their series Wallace et al.
[1990] diagnosed a rhabdomyoma causing cardiac out-
flow obstruction. At 4 months seizures developed in
this infant and brain CT scan revealed multiple peri-
ventricular calcifications. At the age of 18 months no
hypomelanotic macules were detected. Wallace et al.
[1990] concluded that in infants with cardiac rhabdo-
myomas the diagnosis of TSC must not be discounted
because of a normal skin examination and normal
brain CT scan findings.

The precise mechanism of origin of the hypomela-
notic macules in TSC and the timing of their appear-
ance are poorly understood. Fitzpatrick [1991] de-
scribed histologic analysis of the hypomelanotic mac-
ules. They noted that melanocytes were reduced in
number, and melanosomes were present but the mela-
nin content was markedly reduced in the lesions rela-
tive to normal skin.

Lie [1991] reported that cardiac rhabdomyomas in
patients with TSC may originate in any of the four
chambers of the heart but that they were more common
in the ventricles than in the atria and that they oc-
curred more frequently on the left side of the heart
than the right side. Bosi et al. [1996] carried out a
retrospective study of cardiac rhabdomyomas in 33
children. They reported that 30 of the 33 cases were
associated with TSC. A solitary tumor was detected in
10 patients. In 23 patients the tumor number ranged
between two and five. The youngest patient with evi-
dence of total regression of tumors was 7 years old. The
youngest patient in whom partial regression of cardiac
rhabdomyomas was noted was 6 weeks old. Jozwiak et

Fig. 2. Comparison of partial TSC1 sequence in patient with normal
sequence. Note that two copies of the 9 nucleotide duplicated segment
(GCCCTGCGG) are present in the normal sequence at positions 1892 to
1900 and at positions 1915 to 1923. Note that in the patient three copies of
the 9 nucleotide sequence are present. The 23-bp duplicated segment in-
cludes the 9 nucleotide repeat and 14 nucleotides corresponding to se-
quence between the two repeats.

Fig. 1. PAGE of PCR fragments derived from patient using primers
TSC1 exon 15 H21/H22. The 559- and 582-bp fragments were individually
purified and subjected to a second round of PCR. Left to right: Lane 1, DNA
size markers (from top to bottom) 1114, 900, 692, 501, 489, 404, and 320
bps; Lane 2, PCR of the 559-bp fragment yielded only one product; Lane 3,
PCR of the 582-bp fragment yielded two products, 582 and 1164 bps.
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al. [1994] reported results of echocardiography on 29
children with TSC who were followed in a child neu-
rology clinic. Cardiac rhabdomyomas were detected in
10 of these children. They noted that cardiac rhabdo-
myomas were more common on the left side of the heart
than the right and that they were more common in the
intraventricular septum than in the ventricular wall.
Results of mutation analysis indicate that cardiac
rhabdomyomas are a feature of TSC1 and TSC2. Van
Slegtenhorst et al. [1998] demonstrated TSC1 muta-
tions in 6 out of 28 cases with cardiac rhabdmomyo-
mas. Au et al. [1998] described TSC2 mutations in 22
cases of familial or sporadic TSC. In six of these cases
cardiac rhabdomyomas were present. A review of the
loss of heterozygosity in different TSC lesions shows
that in four of nine cases of cardiac rhabdomyoma LOH
was detected in the TSC2 gene region on chromosome
16p13.3 [Green et al., 1994a; Henske et al., 1996; Sepp
et al., 1996].

It is interesting to note that although loss of hetero-
zygosity in the TSC gene region has been noted in car-
diac rhabdomyomas, these lesions are self-limiting in
their growth. The basis for this self-limiting prolifera-
tion is not clear. One very interesting postulation is
that the presence of the cardiac rhabdomyomas may be
due to delayed or failed apoptosis which occurs as part
of the normal remodeling process in the heart. Satge
and De Geeter [1992] noted that apoptosis is observed
in tumors which show signs of involution. Medioni et
al. [1994] proposed that cardiac rhabdomyomas should
be considered as developmental vestiges rather than
true hamartomas. They proposed that the rhabdomyo-
mas represent vestigial structures resulting from a de-
fect in differentiation or a defect in regression of primi-
tive myocardial cells. It is also possible that other fac-
tors, such as the influence of positive or negative
growth factors, may determine the growth or regres-
sion of cardiac rhabdomyomas.

Exon 15 represents the TSC1 exon with the highest
frequency of mutations [van Slegtenhorst et al., 1997,
1998]. The specific TSC1 exon 15 mutation found in our
patient has not previously been reported in cases of
TSC. This mutation involves duplication of a 23-bp seg-
ment of sequence between two 9-bp repeated sequence
elements within exon 15. These repeat elements are
located between nucleotides 1892–1900 and between
nucleotides 1915–1923 within hamartin. It is likely
that the presence of these two repeated elements pre-
disposes to misalignment of DNA strands and unequal
crossing over. It is of particular interest to note that
van Slegtenhorst et al. [1998] described a 23-bp dele-
tion originating at bp 1892 in TSC1 exon 15. This de-
letion would include one of the 9-bp repeat elements
and the region between the two repeated elements.
Their finding further strengthens our postulation that
the presence of the repeated elements within exon 15
predisposes to mispairing of strands and unequal
crossing over.

ACKNOWLEDGMENTS

We are grateful for the technical support of Hsu Li,
Charles Wu, and Kathy Handa in the Smith Lab at

U.C. Irvine. We also wish to acknowledge Shehnaz
Atcha in the preparation of the manuscript and im-
ages. This study was sponsored by the Mental Retar-
dation Research Center (NICHD P30HD28202) at the
University of California, Irvine.

REFERENCES

Au KS, Rodriguez JA, Finch JL, Volcik KA, Roach ES, Delgado MR, Rod-
riguez E Jr, Northrup H. 1998. Germ-line mutational analysis of the
TSC2 gene in 90 tuberous-sclerosis patients. Am J Hum Genet 62:286–
294.

Bosi G, Lintermans JP, Pellegrino PA, Svaluto-Moreolo G, Vliers A. 1996.
The natural history of cardiac rhabdomyoma with and without tuber-
ous sclerosis. Acta Paediatr 85:928–931.

Fitzpatrick TB. 1991. History and significance of white macules, earliest
visible sign of tuberous sclerosis. In: Johnson WG, Gomez MR, editors.
Tuberous sclerosis and allied disorders. Annals of the New York Acad-
emy of Sciences, vol. 615. New York: New York Academy of Sciences. p
26–36.

Ganguly A, Rock MJ, Prockop DJ. 1993. Conformation-sensitive gel elec-
trophoresis for rapid detection of single-base differences in double
stranded PCR products and DNA fragments: evidence for solvent-
induced bends in DNA heteroduplexes. Proc Natl Acad Sci USA 90:
10325–10329.

Gomez MR. 1988. Tuberous sclerosis. 2nd ed. New York: Raven Press.

Green AJ, Johnson PH, Yates JR. 1994b. The tuberous sclerosis gene on
chromosome 9q34 acts as a growth suppressor. Hum Mol Genet 3:
1833–1834.

Henske EP, Scheithauer BW, Short MP, Wollmann R, Nahmias J, Horn-
igold N, van Slegtenhorst M, Welsh CT, Kwiatkowski DJ. 1996. Allelic
loss is frequent in tuberous sclerosis kidney lesions but rare in brain
lesions. Am J Hum Genet 59:400–406.

Jones AC, Daniells CE, Snell RG, Tachataki M, Idziaszczyk SA, Krawczak
M, Sampson JR, Cheadle JP. 1997. Molecular genetic and phenotypic
analysis reveals differences between TSC1 and TSC2 associated famil-
ial and sporadic tuberous sclerosis. Hum Mol Genet 6:2155–2161.

Jozwiak S, Kawalec W, Dluzewska J, Daszkowska J, Mirkowicz-Malek M,
Michalowicz R. 1994. Cardiac tumours in tuberous sclerosis: their in-
cidence and course. Eur J Pediatr 153:155–157.

Lie JT. 1991. Cardiac, pulmonary and vascular involvements in tuberous
sclerosis. In: Johnson WG, Gomez MR, editors. Tuberous sclerosis and
allied disorders. Annals of the New York Academy of Sciences. vol. 615.
New York: New York Academy of Sciences. p 58–70.

Maniatis T, Fritsch EF, Sambrook J. 1989. Molecular cloning: a laboratory
manual. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press.

Medioni D, Pages A, Sarda P. 1994. Natural history of cardiac rhabdo-
myoma: presentation of 2 cases with immunohistochemical study and
review of the literature (in French). Arch Anat Cytol Pathol 42:29–34.

Satge D, De Geeter B. 1992. Cardiac rhabdomyoma and apoptosis: is re-
gression controlled by the body? (in French). Arch Mal Coeur Vaiss
85:603–608.

Sepp T, Yates JR, Green AJ. 1996. Loss of heterozygosity in tuberous
sclerosis hamartomas. Med Genet 33:962–964.

van Slegtenhorst M, de Hoogt R, Hermans C, Nellist M, Janssen B, Verhoef
S, Lindhout D, van den Ouweland A, Halley D, Young J, Burley M,
Jeremiah S, Woodward K, Nahmias J, Fox M, Ekong R, Osborne J,
Wolfe J, Povey S, Snell RG, Cheadle JP, Jones AC, Tachataki M, Ra-
vine D, Kwiatkowski DJ. 1997. Identification of the tuberous sclerosis
gene TSC1 on chromosome 9q34. Science 277:805–808

van Slegtenhorst M, Verhoef S, Tempelaars A, Bakker L, Wang Q, Wessels
M, Bakker R, Nellist M, Lindhout D, Halley D, van den Ouweland A.
1998. Mutational spectrum of the TSC1 gene in a cohort of 225 tuber-
ous sclerosis complex patients: no evidence for genotype-phenotype cor-
relation (in press).

Wallace G, Smith HC, Watson GH, Rimmer S, D’Souza SW. 1990. Tuber-
ous sclerosis presenting with fetal and neonatal tumours. Arch Dis
Child 65:377–379.

23-bp Duplication Mutation in TSC1 349




